Using the 2MASS Second Incremental Data Release, we have searched for near infrared counterparts to 13214 quasars from the Veron-Cetty & Veron (2000) catalog. We have detected counterparts within 4 ′′ for 2277 of the approximately 6320 quasars within the area covered by the 2MASS Second Incremental Data
Introduction
Active Galactic Nuclei (AGN) have been studied for several decades, but our understanding of many aspects of AGN is still rudimentary. The observed emission from AGN is thought to be powered by the release of gravitational potential energy from matter falling into supermassive black holes, but the details of this process and their effect on the observed spectra of AGN are not understood. Our inability to definitively understand AGN to date may be due in part to selection effects. Most high-luminosity AGN (quasars) have been selected using their rest-frame ultraviolet through optical colors in optically magnitude-limited samples. It is therefore almost certain that dust obscuration has masked some portion of the AGN population from detection, and that AGN found by their ultraviolet-optical colors are less dusty than the truly typical AGN (Webster et al. 1995; Baker 1997; Wills & Hines 1997) . This bias against dust-obscured objects can affect our understanding of AGN, in particular their connection to their host galaxies and nuclear environments. (We use the term dust obscuration to refer to the combined effects of dust extinction, the reduction in observed flux from an object screened by dust, and dust reddening, which arises from typical 'non-gray' extinction that is stronger at bluer wavelengths. Extinction can occur without reddening, but reddening cannot occur without extinction.)
The Two-Micron All-Sky Survey (2MASS, Skrutskie et al. 1997 ) has now made it feasible to select samples of AGN in the near infrared (NIR). A sample selected only by NIR magnitude is an excellent way to reduce any bias against dust-obscured objects, but for efficient selection of AGN candidates it is usually necessary to use additional selection criteria such as morphology and color. To aid in this endeavor and to provide a list of AGN with homogeneous infrared data, in this paper we present the results of a cross-correlation of the 2MASS Second Incremental Data Release with the quasar catalog of Veron-Cetty & Veron (2000, hereafter VV00).
Catalog Cross-Correlation
We took all 13214 quasars (defined as AGN more luminous than M B = −23, regardless of radio power) from Table 1 of VV00 and searched for unresolved 2MASS counterparts within 5
′′ . We found 2327 counterparts for 2320 quasars and discarded the more distant ones for the seven quasars with two counterparts. There were 4000 additional quasars which fell within the 2MASS areal coverage but were not detected by it.
The internal errors on the 2MASS astrometry are on average 0. ′′ 3 for our detections, so the uncertainty in the astrometric matching is dominated by the errors on the quasar coordinates. Only 53 of the VV00 quasars have positions which may be uncertain by several arcminutes (denoted 'A' by VV00). The majority (8884) have optical positions which are accurate to 1 ′′ ('O'), and 523 have similarly accurate radio positions ('R'). The remaining 3754 have positions which should be good to a few arcsec (these have no code in VV00, but we denote them here by 'N').
A search for counterparts to fake objects indicates that even our near-IR counterparts of code 'N' objects are likely to be real. We shifted the declinations of all 13214 VV00 quasars 6 ′ to the north and searched for matches within 5 ′′ to determine the number of spurious counterparts in our sample. Only 74 fake-object counterparts were found, as opposed to 2320 real-object counterparts. This indicates that there are few spurious counterparts in our sample, but the contamination can be reduced even further by requiring a match within 4 ′′ instead of 5 ′′ . Only 43 of 2320 counterparts (including the one code 'A' object among the 2320) have a separation between the VV00 and 2MASS positions of > 4 ′′ , while 37 of 74 fake-object matches have separations > 4 ′′ . Thus the number of counterparts to VV00 quasars with separations between 4 ′′ and 5 ′′ is consistent with the number expected from random chance, and for our final sample we only consider counterparts with separations < 4 ′′ . Our final catalog consists of 2MASS counterparts to 2277 VV00 quasars, of which about 37 (1.6%) are expected to be chance coincidences. The 2MASS and VV00
identifications of these 2277 quasars are given in Table 1 . The 4000 VV00 quasars not detected by 2MASS despite lying within the area of the Second Incremental Data Release are listed in Table 2 .
Properties of Quasars Detected by 2MASS
Radio luminosities were computed for all VV00 quasars that had measured 6 cm radio flux densities. We assumed a radio spectral index of α = −0.5, a Hubble constant of
Mpc −1 and q o = 0.0. We classified each quasar as radio-loud (RLQ) or radio-quiet (RQQ) based on the ratio of its radio to optical luminosity (L rad /L opt ). The divide between RLQ and RQQ was taken as log(L rad /L opt )=0. Optical luminosities were calculated from M B as given in VV00. Near infrared luminosities were calculated from K magnitudes given in the 2MASS catalog using k-corrections for a power-law continuum with α = −0.5, the same value used by VV00 to calculate their M B values. Figure 1 shows the degeneracy between luminosity and redshift inherent in any single flux-limited survey. However, it is clear that 2MASS can in principle detect quasars to at least z = 5. Figure 2 shows that most VV00 quasars with radio information are radio-loud quasars, since VV00 do not report upper limits on radio flux densities. Assuming that VV00
reported radio data for all radio-selected quasars, the majority of radio-selected quasars catalogued in VV00 are radio-loud, and most radio-quiet quasars in VV00 must not have been radio-selected. The RLQ vs. RQQ bimodality seen in heterogeneous quasar samples is not erased by plotting L rad /L N IR instead of L rad /L opt . However, it is interesting to note that some objects which qualify as radio-loud using L rad /L opt would be classified as radio-quiet using L rad /L N IR (or vice-versa, depending on where the division between RLQ and RQQ is made in L rad /L N IR ). One possible explanation for this might be because some radio-selected quasars in VV00 are obscured by dust and have low values of L opt for their
Figure 3 shows that radio-loud quasars from VV00 are more likely to have large To determine if the L N IR /L opt distribution of the RLQs differed significantly from that of the other quasars, i.e. the RQQs and quasars with unknown radio properties (RUQs),
we used the Peto-Prentice Generalized Wilcoxon test for censored datasets (Feigelson & Nelson 1985) , as implemented in the stsdas.statistics package of iraf. Astronomy Observatories, which is operated by AURA, Inc., under contract to the National Science Foundation.
-8 - (2000) concluded that synchrotron emission was the best explanation for the red colors of the many RLQs in the Parkes Half-Jansky sample of Webster et al. (1995) .
Selection of Quasars Using 2MASS
As discussed in the introduction, if there indeed exists a population of dust-obscured radio-loud quasars, then it is desirable to search for a population of dust-obscured radio-quiet quasars without being strongly biased against such objects. Selection on NIR magnitudes reduces bias due to dust extinction, and selection on NIR colors reduces bias due to dust reddening. We use the sample of VV00 quasars detected by 2MASS to investigate NIR selection. However, it must be kept in mind that the majority of quasars from VV00 are probably not strongly dust-obscured due to their predominantly optical selection. The range of quasar colors in our large sample may reflect the true range of quasar colors, but the distribution of colors will not reflect the true distribution. Nelson et al. (1998) have begun identifying candidate obscured AGN in 2MASS using a simple criterion of J − K ≥ 2, as reported in Cutri et al. (2000) and Smith et al. (2000b) .
Selection on Near-Infrared Colors
This criterion was chosen based on the colors of a sample of miscellaneous AGN including but four of the 2277 VV00 quasars detected by 2MASS have J − K ≤ 2.5, whereas the 2MASS AGN of Cutri et al. (2000) have values as red as J − K = 3.5. Therefore a selection criterion of J − K ≥ 2.5 should select dust-obscured AGN with little contamination.
However, a J − K ≥ 2.5 selection criterion would not be complete; that is, it would not sample the full population of obscured AGN. We know this for two reasons. First, Cutri et al. (2000) do not find evidence of dust reddening only in AGN with J − K ≥ 2.5. Second, we show in the next section that J − K color is not well correlated with B − K color, whose longer wavelength baseline than any optical-NIR color besides U − K makes it arguably the most efficient photometric measure of the reddening of a quasar in the optical-NIR (Webster et al. 1995) , given the difficult in obtaining deep wide-field U-band data. A long wavelength baseline is needed to distinguish reddening from the intrinsic dispersion in quasar colors. The observed dispersion in the 2MASS quasar sample is only 0. m 31 in J − K, vs. 0. m 67 in B − K (calculated using 5σ clipping to remove outliers, and using only 1 < z < 2 quasars for J − K). However, the sensitivity to reddening is given by the ratio of the color excess to this dispersion:
.84 at z = 3 (the difference is even more extreme at z = 0). Simply put, less extinction is required to produce anomalously red colors in B − K than in J − K, or indeed than in any other optical-NIR color besides U − K. Finally, the variation of J − K color with redshift seen in Figure 5 means that a simple J − K color cut will not select reddened AGN with equal efficiency at all redshifts. Thus the evidence available to date, while scarce, suggests that infrared colors alone are insufficient to efficiently sample the full parameter space open to obscured quasars.
Selection on Optical and Near-Infrared Colors
The 2MASS catalog includes B and R magnitudes from the USNO-A and Tycho catalogs, as well as JHK. As noted by Francis et al. (2000) and Cutri et al. (2000) , We cannot rule out the possibility that J − K does correlate with B − J or B − K but that this correlation is masked by strong selection effects against quasars with red B − J and J − K in Figure 6 . However, we have also plotted a subsample of radio-selected quasars from the completely identified Parkes Half-Jansky sample (triangles; Francis et al. 2000) .
There is no strong correlation between J − K and B − J or B − K for these objects either.
Selecting objects red in J − K would not appear to be an efficient way of selecting objects red in B − K. With RLQs, there is no guarantee that such red B − K colors are due to dust rather than synchrotron emission with a short wavelength cutoff in the rest-frame optical (Serjeant & Rawlings 1997; Francis et al. 2000) . However, with RQQs the latter effect will be much weaker and any confirmed population of RQQs with B − K 4 will almost certainly be reddened by dust.
The R − J vs. J − K color-color diagram (Figure 7 ) is similar to the V − J and We have constructed selection criteria similar to the V − J/J − K criterion of WHF to illustrate the separation of quasars from stars in both B − J/J − K and R − J/J − K color-color diagrams (solid lines in Figure 6 and Figure 7) . We adopt the following selection
and the following in R − J/J − K:
As pointed out by WHF and as shown by the arrows in Figure 6 and sample. This high frequency of dust-obscured AGN found using a simple and probably incomplete criterion is unexpected given the lack of a correlation between J − K and B − J -13 -(or B − K), but it does suggest that more complete B − J/J − K selected AGN samples will be very efficient at finding great numbers of dust-obscured AGN. Of course, a key test will be to see where the 2MASS AGN of Nelson et al. (1998) fall in the B − J/J − K diagram.
Conclusions
We have identified near infrared counterparts within 4 ′′ of 2277 quasars from the Veron-Cetty & Veron (2000) catalog using the 2MASS Second Incremental Data Release.
Approximately 6320 quasars from Veron-Cetty & Veron (2000) were located within the area covered by the 2MASS catalog. This detection rate of 36% suggests that the final 2MASS catalog will yield matches for approximately 4760 of the 13214 VV00 quasars. Our sample of 2277 quasars with IR data is nearly ten times larger than the largest previous such sample (Srianand & Kembhavi 1997) , and more than ten times larger than the largest previous samples with homogeneous IR data (Warren et al. 2000; Francis et al. 2000) .
The observation that the fraction of radio-loud quasars with large L N IR /L opt ratios is higher than the fraction of probable radio-quiet quasars with such ratios supports the suggestion that known radio-selected quasars are more likely to be obscured by dust than known optically-selected quasars due to stronger selection effects against dust-obscured quasars in optically selected samples. Known quasars with large L N IR /L opt ratios are also underrepresented among optically luminous quasars (M B < −27). This is again consistent with a selection effect caused by dust obscuration, which would tend to lower L opt and M B while increasing L N IR /L opt . These results need to be confirmed using homogeneous quasar samples rather than the heterogeneous VV00 sample, but the statistical significance of our results in such a heterogeneous sample bodes well for their reality in more carefully selected samples.
diagram is more sensitive to the detection of dust-obscured quasars than using infrared colors alone. The stage is now set for the determination of the true fraction of dust-obscured
RQQs using large NIR surveys such as 2MASS and DENIS. The detection of dust-obscured AGN will also benefit greatly from hard X-ray surveys, but for the foreseeable future NIR selection will be possible over much larger areas than hard X-ray selection, and thus more sensitive to luminous AGN which are more easily studied in detail.
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They illustrate the colors of the stellar locus as well as other objects (quasars and compact galaxies) seen at moderate to high Galactic latitude. The small filled squares are the 2277 VV00 quasars with 2MASS counterparts within 4 ′′ . Known radio-quiet quasars are denoted by overplotted boxes, and known radio-loud quasars are denoted by overplotted crosses.
Dashed lines show lines of constant B − K color. Radio-loud quasars outnumber radio-quiet or radio-unknown quasars for B − K 3.5, whereas the opposite is true for B − K 3.5.
This heterogeneous sample of RLQs from VV00 has a range of colors similar to the well- dependence of quasar colors means that the selection efficiency will be redshift dependent, Note. -VV00 IDs are the Name entries of VV00. A handful of objects which have blank Name entries in VV00 are identified here by the prefix VV followed by their coordinates in VV00.
Objects having two 2MASS counterparts within 4 ′′ are identified by an asterisk preceding their 2MASS ID number. Only the closest counterpart is listed here.
Columns 3 and 4 give the coordinates for J2000. Columns 5 and 6 lists the logarithm of the calculated NIR and optical luminosity. Column 16 gives the distance to the associated optical source.
Column 17 lists the radio flux density measured at 6 cm.
Data for columns 2, 15, 17, and 18 are from VV00, while the remaining data are from 2MASS.
Unavailable data entries are given as -99.00. Note. -IDs are the Name entries of VV00. A handful of objects which have blank Name entries in VV00 are identified here by their coordinates and the prefix VV.
Columns 2 and 3 give the coordinates for J2000. Columns 4 lists the logarithm of the calculated optical luminosity. Column 5 gives the radio flux density measured at 6 cm.
